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Apparatus and method for detecting electromagnetic radiation or ionizing particles 



(57) An apparatus for detecting energy and point of 
incidence of an ionizing event comprising a semicon- 
ductor layer (1. 2) with a first type of conductivity, in 
which at least one first doped region (AN1 -AN4; AR; 52) 
with the first type of conductivity and a corresponding 
plurality of second doped regions {P1-Pn; 81 -S7; 50, 
50") with a second type of conductivity associated to said 
at least. one first doped region are formed on a first sur- 
face of said layer, said at least first doped region and 
said corresponding plurality of second doped regions 
defining a respective drift path for charge carriers with 
the first type of conductivity, and at least one third doped 
region (3) with the second type of conductivity is formed 
on a second surface of said layer, and means (6; R, 
M1-M8; 6') for biasing said second doped regions and 
said third doped region which is capable of reversely bi- 
asing the junctions between the second doped regions 
and the semiconductor layer and between the third 
doped region and the semiconductor layer so as to de- 



plete the semiconductor layer Said biasing means is ca- 
pable of providing two different operating conditions of 
the detection apparatus, the first operating condition 
providing the formation of a plurality of potential energy 
wells for said charge carriers in the semiconductor layer 
(1 , 2) at predetermined distances along said drift path 
from said first doped region (AN1-AN4; AR; 52), said 
wells being able to confine all of the charge carriers gen- 
erated by an ionizing event essentially to the points of 
incidence of the ionizing event, the second operating 
condition providing the removal of said potential energy 
wells so as to cause the charge carriers to drift towards 
said at least one first doped region along said drift path 
and keeping the charge carriers confined to directions- 
which are perpendicular to the drift path. The electric 
fields in the apparatus are different, although static in 
the two different operating conditions. 
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Description 

The present invention relates to a semiconductor 
apparatus for detecting energy and point ot incidence of 
electromagnetic radiations, particularly but not exclu- s 
sively X rays, or ionizing particles. 

The currently known semiconductor apparatuses 
for detecting energy and point of incidence of electro- 
magnetic radiations are of the following types: the so- 
called "Charge-Coupled Devices" (CCD), the so-called ^- 
"Drift Chambers" or "Silicon Drift Detectors" (SDD),.the. 
so-called "Microstrip Detectors" and the so-called "Pixel 
Detectors". 

CCDs essentially include a chip made of a semicon- 
ductor, typically silicon, in which a plurality of potential f 
energy wells for the electrons located in one or more 
successions at predetermined distances are generated 
by a corresponding plurality of electrodes. The incident 
radiation generates electron-hole couples in the semi- 
conductor Holes are immediately collected by a suitable ^ 
static biasing electric field generated in the semiconduc- 
tor, while electrons are confined to the potential energy 
well which is closer to the point of Incidence of the ion- 
izing radiation. The potential energy wells are translated 
by timed signals along the semiconductor to one or more - 
collector electrodes where the electrons generated by 
the incident radiation are collected and directed to an 
amplification chain. 

The detection of the point of incidence of the ionizing 
radiation is accomplished in such apparatuses by count- 
ing the number of timed pulse signals needed to shift a 
determined potential well to the collector electrode. A 
bidimenslonal measurement of the point of incidence of 
the ionizing radiation can be made by providing a bidi- 
menslonal arrangement ot potential wells and a plurality 
of collector electrodes. 

In radioastronomy. CCD apparatuses for X ray detection 
with high resolution in terms of energy due to the low 
output capacitance of the collector electrode have been 
developed. The resolution in the detection of the point 
of incidence depends on the mutual distance between 
the electrodes which generate the potential energy wells 
(dimension of the pixels). 

The drawback of such apparatuses, however, is given 
by the need to generate such timing signals. The fre- 
quency of such signals can be limited by the need to 
have a sufficient translation efficiency during the move- 
ment of the potential energy wells, the time necessary 
for processing the signal associated to the electrons in 
each potential well arriving at the collector electrode, or 
the allowed consumption. For example, in the spectro- 
scopic measurements made in astronomy, the frequen- 
cy of the timing signals is limited to about 100 kHz by 
the signal processing time. 

SDD detectors also include a chip made of a semicon- 
ductor, typically silicon, in which there are provided a 
succession of field electrodes (so-called "field strips") 
on both surfaces of the semiconductor chip and one or 



more electrodes for collecting the signal charges only 
on one surface. Said field strips which are biased by ap- 
plying voltages that increase the magnitude with the dis- 
tance from the collector electrodes, generate a static 
electric field (so-called electric drift field). The incident 
radiation generates electron -hole couples, the holes be- 
ing immediately collected as for CCDs by the field strips 
which are closer to the source thereof (point of inci- 
dence), and the electrons drifting in parallel to the sur- 
y faces of the chip towards the collector electrodes to 
which the signal amplification chain is connected be- 
cause of the electric drift field- 
In such detectors the speed of translation of the elec- 
trons generated in the semiconductor towards the col- 
s lector electrode may be greater than that in CCDs. Ac- 
tually, such a speed is generally proportional to the ap- 
plied electric drift field because of the lack of the above- 
mentioned typical limitations of CCDs concerning the 
charge translation efficiency and the allowed cbnsump- 
0 tion. Trials have shown, for example, that electric drift 
fields in the order of 200-1000 V/cm inducing drift 
speeds between 3 and 1 4 ^inn/ns can be applied. 
A drawback of such a type of detectors consists In that 
a reference signal which is synchronous with the radia- 
ns tion arrival time should be generated in order to detect 
the point of incidence of the ionizing radiation. This fur- 
ther complicates the detector design and the acquisition 
electronics. 

In view of the state of art described the present in- 
30 vention alms at providing an apparatus for detecting en- 
ergy and point of incidence of an electromagnetic radi- 
ation or an ionizing particle (hereafter generally referred 
to as "ionizing event") which does not suffer from the 
drawbacks of the previously described known detectors. 
35 According to the present invention such an aim is 
accomplished by an apparatus for detecting energy and 
point of incidence of an ionizing event comprising at 
least one semiconductor layer with a first type of con- 
ductivity, in which at least one first doped region with the 
40 first type of conductivity and a corresponding plurality of 
second doped regions with a second type of conductivity 
associated to said at least one first doped region are 
formed on a first surface of said layer, said at least first 
doped region and said corresponding plurality of second 
45 doped regions defining a respective drift path for charge 
carriers with the first type of conductivity, and at least, 
one third doped region with the second type of conduc- 
tivity is formed on a second surface of said layer, and 
means for biasing said second doped regions and said 
so third doped region which is capable of reversely biasing 
the junctions between the second doped regions and 
the semiconductor layer and between the third doped 
region and the semiconductor layer so as to deplete the 
semiconductor layer, characterized in that said biasing 
55 means is capable of providing two different operating 
conditions of the detection apparatus, the first operating 
condition providing the formation of a plurality of poten- 
tial energy wells for said charge carriers in the semicon- 
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ductor layer at predetermined distances along said drift 
path fronn said first doped region, said wells being able 
to confine all of the charge carriers generated by an ion- 
izing event essentially to the points of incidence of the 
ionizing event itself, the second operating condition pro- s 
viding the removal of said potential energy wells so as 
to cause the charge carriers to drift towards said at least 
one first doped region along said drift path and keeping 
the charge carriers confined to directions which are per- 
pendicular to the drift path. io 
The detection apparatus according to the present inven- 
tion does not need any reference signal for detecting the 
point of incidence of the ionizing event. Actually, after 
the detector is switched from the first operating condition 
to the second operating condllion, the point of incidence is 
of the ionizing event can be determined by measuring 
the time interval from said switching to the arrival of the 
charge carriers. In addition, unlike in CCD detectors, no 
high-frequency timing signal Is needed. The detection 
apparatus according to the invention Is a device wilh es- 20 
sentially static electric fields like the known SDD detec- 
tors, with the difference that the electric fields In the de- 
tection apparatus according to the invention are differ- 
ent in either operating condition. In operation, the de- 
tection apparatus remains in its first operating condition 25 
(otherwise called "acquisition" or "integration") for any 
length of time (which is generally Inversely proportional 
to the rate of the incoming ionizing events to be meas- 
ured but long enough with respect to the reading time); 
charge carriers generated by an Ionizing event are col- 30 
lected in the potential energy well which is the closest 
to the point of incidence of the radiation. The detection 
apparatus is then switched to the second operating con- 
dition (othen/vise called "drift" or "readout" condition) in 
which the potential energy barriers that prevented the 36 
charge carriers from moving along the drift path are re- 
moved and the charge carriers can drift towards the col- 
lector electrode even though they are confined to direc- 
tions which are perpendicular to the drift path. The point 
of incidence of the radiation hitting the detection appa- 40 
ralus can be determined without any reference signal 
by measuring the time interval between the switching of 
the detection apparatus from the first to the second op- 
erating conditions and the incoming of the charge carri- 
ers. 4s 
Therefore, the detection apparatus according to the 
present invention, unlike the known SDD detectors, has 
two different operating modes: the integration mode and 
the readout mode; it is only in the latter mode that the " 
detection apparatus generally operates as a conven- so 
tional SDD detector in which, however charge carriers 
are also confined to the other direction which is perpen- 
dicular to the drift path in addition to the direction per- 
pendicular to the surface of the apparatus. The detec- 
tion apparatus according to the Invention can be re- ss 
ferred to as a controlled-drift apparatus since the con- 
dition in which the charge carriers generated by the ion- 
izing events can drift towards the collector electrode Is 



not permanent. In fact it is established only during de- 
termined time intervals. In a similar way as In CCD de- 
tectors, charge carriers generated by the incident ioniz- 
ing event are collected and confined to potential energy 
wells during the integration time. However, unlike CCD 
detectors in which the electric fields are dynamic during 
the readout time, the electric fields of the detection ap- 
paratus according to the invention are different but nev- 
ertheless static in either operating condition. 
A number of geometries are possible. A detection ap- 
paratus with linear geometry has a plurality of collector 
electrodes generally aligned in a first direction on the 
first surface of the semiconductor, such a plurality of 
electrodes being associated to a plurality of second 
doped regions, and the drift paths of the charge carriers 
towards the corresponding collector electrodes are gen- 
erally parallel to one another and perpendicular to said 
first direction. The collector electrodes of a detection ap- 
paratus with cylindrical geometry are located along a cir- 
cumference, and the drift paths of the charge carriers 
towards the respective collector electrodes are the radii 
of said circumference. Another possible geometry is a 
spiral In which a collector electrodes is provided, and 
the second doped regions associated thereto are locat- 
ed along a spiral. In this case, the drift path coincides 
with said spiral. 

These and other features of the present invention 
will be more readily apparent from the following detailed 
description of some preferred embodiments thereof 
which are shown by way of not limiting examples in the 
accompanying drawings, in which: 

Figure 1 shows an axonometric view of a detection 
apparatus according to a first embodiment of the 
present Invention; 

Figure 2 shows a sectional view of said detection 
apparatus according to a vertical plane along line 
11-11 of Figure 1; 

Figure 3 shows schematically a biasing circuit for 
the detection apparatus of Figure 2; 

Figure 4 is a diagram of the potential energy In the 
detection apparatus according to two different op- 
erating conditions corresponding to two different bi- 
asing conditions of the detection apparatus of Fig- 
ure 1 which can be obtained with the biasing circuit 
of Figure 3; 

Figure 5 is a diagram showing the potential energy 
In a so-called "drift channel", formed by line 11-11 in 
the apparatus of Figure 1 , at the surface of the de- 
tection apparatus (2=0) and at two different distanc- 
es from said surface {Z-Z^ and 2=22) correspond- 
ing to the potential energy minimum in the first and 
in the second operating conditions, respectively; 
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Figures 6 and 7 are tridimensional diagrams of the 
potential energy in the detection apparatus of Fig- 
ure 1 in said first and second operating conditions, 
respectively; 

5 

Figure 8 shows a plan view of a detection apparatus 
according to a second embodiment of the present 
invention with a possible biasing circuit for said de- 
tection apparatus; 

10 

Figure 9 is a diagram of the potential energy in both 
different operating conditions of the detection appa- 
ratus of Figure 8 which can be obtained with the bi- 
asing circuit of Figure 8 itself at the surface of the 
detection apparatus (Z=0) and at a distance from is 
said surface (2=24) corresponding to the potential 
energy minimum in the two operating conditions; 

Figure 10 schematically shows a plan view of a de- 
lechon apparatus according to a third embodiment 20 
of the present invention; 

Figures 11 and 12 are diagrams showing the equi- 
potential cun/es at the potential energy minimum 
(2-axiG) for the detection apparatus of Figure 10 In 25 
the two operating conditions, respectively, the paths 
ol the charge carriers being illustrated by way of ex- 
ample: and 

Figure 1 3 is a sectional view according to plane XIII- 30 
Xm of Figure 10. 

With reference to Figure 1. an apparatus for detect- 
ing energy and point of incidence of an electromagnetic 
radialion or an ionizing particle according to a first em- 3S 
bodiment of the present invention comprises a high-re- 
sistivity substrate 1 with a first type of conductivity above 
which a lower-resistivity epitactic layer 2 still with theflrst 
type of conductivity is formed. In this example it Is sup- 
posed that substrate 1 and epitactic layer 2 are of the N 40 
type; however, they could also be of the P type. Sub- 
strate 1 has for example a thickness of about 300 fim 
and a resistivity of a few kOhm.cm. while epitactic layer 
2 has a thickness of about 20 |im and a resistivity of a 
few tens kOhm.cm. 

A continuous layer 3 with a second type of conduc- 
tivity (therefore of the P type as far as the present ex- 
ample is concerned) which is opposite to the first type 
of conductivity is formed on the lower surface of sub- 
strate 1 (otherwise called back of the detector) . The 50 
continuous layer 3 could also be replaced by a plurality 
of regions of the P type. 

A plurality of N+ doped regions AN1-AN4 aligned with 
the X-axis of Figure 1 and placed at regular intervals are 
formed on the upper surface of epitactic layer 2 (other- -Sf 
wise called front of the detector). A succession of P+ 
doped strips P1-Pn which extend in the direction of the 
X-axis is formed along the Y-axIs. A succession of bur- 



ied doped regions 5 of the P type (dashed regions in 
Figure 1 ) is formed under each P+ doped strip P1 -Pn. 
Figure 2 shows a general sectional view of the detection 
apparatus of Figure 1 along a vertical plane Y2 extend- 
ing between two buried doped regions 5 of the P type 
of Figure 1 , provided with biasing means 6 of P+ regions 
P1-Pn at the front part of the apparatus and of P+ layer 
3 at the back of the same, and signal amplification 
means 7 connected to N+ region AN2. P+ layer 3 at the 
back of the apparatus. P+ regions P1-Pn at the front of 
the apparatus and N+ regions AN1-AN4.are biased so 
as to completely deplete substrate 1 and epitactic layer 
2 and generate under a first operating condition a plu- 
rality of potential energy wells 9 for the electrons, and 
under a second operating condition a path 8 (locus of 
the points with the potential energy minimum for the 
electrons along the 2 axis while shitting along the Y-axIs 
direction) which is generally but not exclusively Included 
within epitactic layer 2, and along such a path 8 the elec- 
trons which are confined to such wells 9 in the first op- 
erating condition, drift towards- the collector electrodes 
formed by N+ regions AN1-AN4. 

Biasing means 6 schematically shown in Figure 3 com- 
prises a biasing circuit for P+ regions PI -Pn formed by 
a voltage divider which allows a plurality of intermediate 
voltages generally varying in a linear fashion to be ob- 
tained from two voltages Vl , V2; for example, voltages 
VI, V2 and the resistances of the voltage divider can be 
selected so that region P1 is biased to -20V. region P2 
to -21V. region P3 to -2V. and so on, up to region Pn 
biased to -100V. Biasing means 6 further comprises a 
switch SW capable of switching the bias voltage of P+ 
layer 3 at the back of the apparatus from a first voltage. 
V3 ranging, for example, between -200V and -300V to 
a second voltage V4 ranging, for example, between 
-500V and -600V, and viceversa. In the first operating 
condition of the detection apparatus known as integra- 
tion mode, P-i- layer 3 is biased to voltage V4, while on 
switching the detection apparatus to a second operating 
condition, known as readout mode, the biasing voltage 
of P-i- layer 3 is taken to V3. The bias of P+ regions 
PI -Pn remains unchanged in both operating conditions. 
Figure 4 shows the diagram of potential energy of the 
electrons as a function of the distance from the front sur- 
face of epitactic layer 2 and at a general distance from 
N+ collector anode AN2 along the Y-axis; in the figure, 
level 23 corresponds to the interface between epitactic 
layer 2 and substrate 1 . Curve A1 shows the potential 
energy of the electrons in the readout mode when P+ 
layer 3 is biased to voltage V3. Instead curve B1 shows 
the diagram of potential energy in the integration mode 
when P+ layer 3 is biased to voltage V4. It is possible 
to notice that the potential energy minimum Is located 
at level 22 in the first case and at level 21 in the second 
case: in both cases, therefore, the potential energy min- 
imum is within epitactic layer 2. however, in the integra- 
tion mode such a minimum is closer to the front surface 
of epitactic layer 2. The level at which the potential en- 
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ergy minimum is located corresponds to the level at 
which the electrons are confined in the first operating 
condition or integration mode, and to the level at which 
the electrons drift in the second operating condition or 
readout mode. Therefore, by varying the bias of P+ layer s 
3 even though the bias of P+ regions Pl-Pn is kept un- 
changed, the level of the potential energy minimum of 
the electrons can be shifted along the 2-axis. thus 
switching between the two operating conditions. 
Figure 5 is a diagram of potential energy of the electrons io 
along the Y-axis direction at three different levels along 
the Z-axis regarding the sectional view of Figure 2 which 
shows the operating principle of the detection apparatus 
according to the first embodiment of the present inven- 
tion. It can be noticed that at level Z=0 (front surface of is 
epitactic layer 2) the bias of the P+ regions correspond- 
ing to the equipotential stretches of the curve yields a 
potential energy with a mean value that increases along 
the Y-axis. The stretches of the potential energy curve 
where there are no P-f regions join the adjacent stretch- 20 
es without solution of continuity, thus forming potential 
energy wells 9'. At level Z=Z1 (curve B). i.e. at the level 
corresponding to the potential energy minimum along 
the Z-axis when P+ layer 3 is biased to V4 (integration 
mode), the potential energy wells 9 are lessened with 2s 
respect to wells 9' at the surface but in any case suffi- 
cient to provide barriers to the drift of the electrons to- 
wards collector anode AN2 where the electrons gener- 
ated by the ionizing event are confined; at level Z=Z2 
(curve A). I.e. at level corresponding to the potential en- 30 
ergy minimum along the Z-axis when P+ layer 3 is bi- 
ased to V3 (readout mode), the potential energy wells 
have essentially disappeared and the potential energy 
approximates to a straight line that causes a drift field 
(therefore a drift speed) which is generally constant so 3S 
as to drag the electrons generated by the ionizing event 
towards the N+ collector anode AN2 where amplification 
means 7 amplifies the electronic signal. Therefore, on 
the same biasing of P+ regions P1 -Pn at the front of the 
detection apparatus, the level of the potential energy 40 
minimum of the electrons can be modified by varying 
the bias of P+ layer 3 at the back of the apparatus so 
that the potential energy wells of the electrons along the 
drift channel can be formed or removed. As it can be 
appreciated, according to the first embodiment of the 45 
present invention the pitch of the potential energy wells 
9 is equal to the pitch of P+ regions Pl-Pn. 
Figures 6 and 7 show the potential energy surfaces of 
the electrons in the apparatus of Figure 1 on the plane 
of the potential energy minimum Z=Z1 In the integration so 
mode (P+ layer 3 biased to V4) and on the plane of the 
potential energy minimum Z=Z2 in the readout mode 
(P+ layer 3 biased to V3), respectively In both operating 
modes it can be noticed that buried regions 5 of the P 
type form potential barriers which confine the electrons 55 
to the X-axis direction in order to make it possible to ac- 
complish a complete confinement of the electrons in the 
integration mode and avoid a charge dispersion among 



several collector anodes in the readout mode. Figure 7 
shows "drift channels" 10 along which the electrons 
move to reach the respective collector anodes. Figure 
6 shows potential energy wells along the X-axis and Y- 
axrs which confine the electrons generated by the ion- 
izing event. 

Figure 8 shows a plan view of the front of a detection 
apparatus according to a second embodiment of the 
present invention. The back of such an apparatus, which 
is not shown in the figure, is formed by a continuous P+ 
layer like In the detection apparatus of Figure 1 but could 
likewise be fomned by a plurality of regions of the P+ 
type. In such second embodiment the potential energy 
wells for the electrons in the integration mode are ob- 
tained by varying the bias of P+ regions S1-S7 at the 
front of the apparatus with respect to the linear bias In 
the readout mode, while the bias of the continuous P+ 
layer at the back of the apparatus is kept constant in 
both operating conditions. Such a variation of the bias 
of P+ regions S1 -S7 can consist, for example, of a si- 
nusoidal modulation which is superimposed on the lin- 
ear bias voltage. 

In Figure 9, the broken line consisting of lengths C1 
shows the potential energy of the electrons at level Z=0 
(front of the detection apparatus) in the readout mode, 
i.e. when P+ regions S1-S7 of Figures are biased to 
gradually increasing negative potentials provided by a 
voltage divider like that shown in Figure 8. The potential 
energy increases on the average along the Y-axis and 
has wells in the regions between two adjacent P+ re- 
gions. At level Z=Z4 corresponding to the potential en- 
ergy minimum along the Z-axis a cun/e D1 is obtained, 
i.e. a potential energy which rises in a generally linear 
fashion (except for small ondulations) while shifting 
along the Y-axis. Solid line curve C2 shows potential en- 
ergy variations at level Z=0 (front of the detection appa- 
ratus) in the integration mode, i.e. when a sinusoidal 
modulation is superimposed on the linearly increasing 
bias of P+ regions 81 -S7 in the readout mode. In such 
particular example, the sinusoidal modulation period is 
as long as six times the pitch of P+ regions SI -S7. How- 
ever, the sinusoidal modulation period could also be dif- 
ferent according to the desired spatial resolution. The 
superimposition of the sinusoidal modulation on the lin- 
ear bias yields curve D2 at potential energy minimum 
level Z=Z4. In such a second embodiment of the present 
invention the level of the potential energy minimum re- 
mains essentially unchanged in both operating condi- 
tions. As it can be seen, however, the superimposition 
of a sinusoidal modulation on the linear bias in the rea- 
dout mode yields potential energy wells at the level 
Z=Z4 of the potential energy minimum having, in this 
example, a pitch which is as long as six times the pitch 
of P+ regions 81 -S7 to which the electrons generated 
by the incident ionizing event are confined. When the 
sinusoidal modulation is taken off, the potential energy 
takes on the form of curve D1 again, i.e. generally rec- 
tilinear with small ondulations due to the potential ener- 
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gy wells at the interface between adjacent P+ regions, 
and the electrons can drift towards the respective col- 
lector anodes. 

Figure 8 also shows a possible embodiment of biasing 
means capable of providing the two biasing diagrams of 
the P+ surface regions in the readout and integration 
modes described above. The figure shows seven adja- 
cent P-f surface regions SI -S7. There is provided a volt- 
age divider R. P+ regions SI , S4 and S7 whose biasing 
voltage does not change when switching from readout 
to integration modes are directly connected in a fixed 
manner to nodes N1, N4 and N7 of divider R, respec- 
tively. P+ regions S2, S3. S5. S6 which must have dif- 
ferent biasing voltages in the readout mode and in the 
integration mode may be connected to different nodes 
of the divider by switches formed, for example, by MOS 
transistors. For example, P+ region S2 is connected to 
node N2 of divider R by MOSFET Ml in the readout 
mode while in the integration mode it is connected to 
node N5 of divider R which is at a more negative poten- 
tial than node N2 by MOSFET M2. Likewise, P+ region 
S3 is connected to node N3 of divider R by MOSFET 
M3 in the readout mode while in the integration mode it 
is connected to node N6 of divider R which is at a more 
negative potential than node N3 by MOSFET M4. P+ 
region S5 is connected to node N5 of divider R by MOS- 
FET M5 in the readout mode while in the integration 
mode it is connected to node N2 which is at a more pos- 
itive potential than node N5 by MOSFET M6. Likewise. 
P-4- region S6 is connected to node N6 of divider R by 
MOSFET M7 in the readout mode while in the integra- 
tion mode it is connected to node N3 which is at a more 
positive potential than node N6 by MOSFET M8. There- 
fore, in the readout mode each P+ region is connected 
to a respective node of the divider whose potential is 
even more negative on moving away from collector an- 
ode AR; thus, in the readout mode the linear biasing of 
P+ regions is guaranteed. In the integration mode, how- 
ever, the bias of the P+ regions is modified as shown in 
Figure 9 (curve C2) . MOSFETs operating as switches 
can be integrated, as divider R can. in the same silicon 
chip of the detection apparatus. It is furthermore neces- 
sary to provide a suitable control circuit for the MOS- 
FETs (not shown). 

Another way for changing the bias of P+ regions S1-S7 
at the front of the apparatus on switching from readout 
to integration modes is, for example, to provide more 
voltage dividers equal to one another instead of only one 
divider. P+ regions will be selectively connected to dif- 
ferent dividers according to the voltage that they should 
reach in the integration mode. 

In the readout mode all of the different dividers are bi- 
ased to the same voltage, while in the integration mode 
the desired potential modulation can be obtained by var- 
ying the voltages applied to the ends of the single divid- 
ers. In the example shown in Figure 8, P+ regions SI, 
S4 and S7 would be connected to a first divider which 
is the same as divider R shown, regions S2, S3 to a sec- 



ond divider, regions S5. S6 to a third one. 
An advantage of such an embodiment consists in that 
the potential energy minimum of the electrons (therefore 
the drift channel and the acquisition wells) may be po- 
5 sitioned tar enough from the surface so as to make the 
surface effects negligible since deep enough potential 
energy wells may also be provided tar from the surface 
of the front of the detection apparatus by varying the 
bias of the P+ regions at the front of the detection ap- 
10 paratus. 

Figure 10 shows a top plan view of the front of the de- 
tection apparatus according to a third embodiment of the 
present invention. The back of the detection apparatus, 
not shown in the figure, is formed like In the detection 
IS apparatus of Figure 1 by a continuous P+ layer but it 
could also be formed by a plurality of regions of the P+ 
type. A section of the detection apparatus along a ver- 
tical plane XZ according to the line Xlll-XIII shown in 
Figure 10 is shown in Figure 13. Unlike the first andsec- 
20 ohd embodiments ol the present invention in which the 
potential energy wells for the electron confinement are 
present only in the integration mode and the "drift chan- 
nels" for electron transport are present only in the rea- 
dout mode (for example according to what described 
25 with reference to Figure 1 -7 or 8 and 9), in this third em- 
bodiment the regions of the apparatus to which the elec- 
trons are confined (potential energy wells) and. the re- 
gions of the apparatus along which the electrons drift 
towards the respective collector anodes ("drift chan- 
30 nels") are provided in the integration mode at the same 
time in different zones of the detection apparatus which 
are separated from each other by a potential energy bar- 
rier. Duringthe readout step such a potential energy bar- 
rier is removed, the electrons are quickly transferred 
35 from the potential energy wells to the corresponding drift 
channels along which the electrons drift towards the re- 
spective collector anodes. Such a potential energy bar- 
rier can be restored at the end of the readout step (co- 
inciding with the start of a new integration time) or at the 
40 end of the electron transfer. 

More specifically, with reference to Figures 10 and 13 
there is shown a possible implementation of the third 
embodiment of the present invention. In Figure 10 three 
arrays or vectors S1 -S3 of P+ doped regions 50. 50' are 
45 Shown, each array being side by side to and separated 
from the adjacent array by a respective region acting as 
a drift channel DC for the electrons. In each array of P-i- 
regions 50, 50' P+ regions 50 are divided in groups, 
each of them together with a P+ region 50* forming a 
50 pixel PX of the detection apparatus. Therefore, a bidi- 
menslonal matrix of pixels is formed. Suitable biasing 
means 6' which is schematically shown allows P+ re- 
gions 50. 50', 51 to be biased. The dashed regions with- 
in P+ regions 50, 50' and 51 schematically indicate re- 
55 gions of the apparatus in which deep implants of the P 
type 70 and 71 are formed. The regions surrounded by 
dashed lines within P+ regions 50. 51 schematically in- 
dicate regions of the apparatus in which deep implants 
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of the M type 80, 81 are formed. 

The deep implant of the P type made at P+ regions 50' 
with a length greater than that of P+ regions 50 forms a 
potential energy barrier for the electrons. The structure 
of deep implants of the P type 70 and the N type 80 made s 
at P+ regions 50 is such as to provide a potential energy 
capable of confining the electrons around the pixel 
where they were generated by the .incident ionizing 
event as close as possible to the corresponding drift 
channel DC so as to promote the next transfer. io 
Due to such a structure, a potential energy well for the 
electrons can be formed at the points of the apparatus 
corresponding to each pixel. 

The regions in which drift channels DC for the electrons 
are formed consist of vectors of P+ regions 51, each is 
placed side by side to a respective P+ region 50 or 50' 
(orming the pixels. A number of P+ regions forming the 
drift channels are involved by respective deep implants 
71 of the P type which form a potential energy barrier 
lhal prevents Ihe electrons in the potential energy wells 20 
at pixels PX from moving to the adjacent drift channel. 
The remaining P+ regions 51 are involved by deep im- 
plants 81 of the N type. 

In the integration mode, P+ regions 50, 50' forming pix- 
els PX. and adjacent P+ regions 51 forming the drift 2S 
channels are biased to the same potential which be- 
comes even more negative (like in the preceding em- 
bodiments) while moving away from collector anodes 
52. In these conditions, deep implants P and N cause 
potential energy wells for the electrons to be formed so 30 
as to confine the electrons into pixels PX and prevent 
them from flowing to the adjacent drift channel! When it 
is decided that the integration time is over and the rea- 
dout time is started. P+ regions 51 forming the drift chan- 
nels are biased to potentials which are more positive 35 
than those biasing adjacent P+ pixel regions 50. Thus, 
the potential barriers which separate pixels PX from the 
drift channels are removed and the electrons in the po- 
tential energy wells at pixels PX can flow to the respec- 
tive drift channels and move towards the respective col- 40 
lector anodes (in the drawing the drift channel associat- 
ed to each vector of pixels SI -S3 is located close to the 
right of the latter as the deep implants of the P type to 
the left of P+ regions 50 still form a generally unchanged 
potential energy barrier which prevents the electrons 45 
from migrating to the drift channel to the left of each vec- 
tor of pixels PX). 

Figure 11 shows the equipotential lines on a plane XY 
lying at a depth corresponding to the potential energy 
minimum along the axis which is perpendicular to the so 
plane of the drawing in Figure 10 in the integration 
mode. Potential energy wells 55 corresponding to each 
pixel PX, drift channels DC along the Y-axis direction, 
and potential barriers 56 at the side of the drift channels 
which separate potential energy wells 55 from drift chan- ss 
nels DC are shown. The figure also shows by way of 
example the paths of the electrons relative to five differ- 
ent points of interaction of the ionizing event showing 



that the electrons are confined to the potential energy 
wells 55 within each pixel. 

Figure 1 2 shows the equipotential lines on the same XY 
plane of Figure 11 , however in the readout mode. 
Potential energy wells 55 have disappeared and in their 
place there is a potential gradient able to transfer the 
electrons which were confined to potential energy wells 
55 during the preceding integration niode to the adja- 
cent drift channel DC. The figure also shows the path 
followed by the electrons during their transfer from the 
potential energy well to the adjacent drift channel DC. 

The three embodiments described are only some 
implementation examples of the invention and should 
not be considered as limiting. Further embodiments are 
then possible without departing from the scope of the 
present invention as set forth in the appended claims. 
For example, although all of the three embodiments de- 
scribed relate to a detection apparatus with linear ge- 
ometry in which all of the charge carrier drift directions 
towards the respective collector anodes are parallel to 
one another, a detection apparatus with different ge- 
ometries can also be accomplished. A possible alterna- 
tive geometry is cylindrical so that the collector anodes 
are located in succession along a circumference, and 
the charge carrier drift directions towards the respective 
collector anodes are the radii of said circumference. An- 
other possible geometry is spiral-shaped. 

Claims 

1. An apparatus for detecting energy and point of in- 
cidence of an ionizing event comprising a semicon- 
ductor layer (1, 2) with a first type of conductivity 
wherein at least one first doped region (AN1-AN4; 
AR; 52) with the first type of conductivity and a cor- 
responding plurality of second doped regions 
(P1-Pn; SI -S7; 50, 50') with a second type of con- 
ductivity associated to said at least one first doped 
region are formed on a first surface of said layer, 
said at least first doped region and said correspond- 
ing plurality of second doped regions defining a re- 
spective drift path for charge carriers with the first 
type of conductivity and at least one third doped 
region (3) with the second, type of conductivity is 
formed on a second surface of said layer, and 
means (6; R, M1-M8; 6') for biasing said second 
doped regions and said third doped region which is 
capable of reversely biasing the junctions between 
the second doped regions and the semiconductor 
layer and between the third doped region and the 
semiconductor layer so as to deplete the semicon- 
ductor layer, characterized in that said biasing 
means is capable of providing two different operat- 
ing conditions of the detection apparatus, the first 
operating condition providing the formation of a plu- 
rality of potential energy wells for said charge car- 
riers in the semiconductor layer (1 . 2) at predeter- 
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mined distances along said drift path from said first 
doped region (AN1-AN4; AR; 52). said wells being 
able to confine all of the charge carriers generated 
by an ionizing event essentially to the points of in- 
cidence of the ionizing event itself, the second op- 
erating condition providing the removal of said po- 
tential energy wells so as to cause the charge car- 
riers to drift towards said at least one first doped 
region along said drift path and keeping the charge 
carriers confined to directions which are perpendic- 
ular to the drift path. 

2. The detection apparatus according to claim 1 . char- 
acterized in that said second doped regions (PI -Pn; 
SVS7; 50. 50*) are placed at equal distances from 
one anc her along said drift path. 

3. The detection apparatus according to claim 2, char- 
acterized in that said biasing means (6) includes 
first means tor biasing said second doped regions 
(P1 -Pn) in both said biasing conditions to respective 
electric potentials varying in a monotone fashion 
when moving away from said first doped region 
(AN1 -AN4) along said drift path, and second means 
(SW) for biasing said third doped region (3) to a first 
potential (\/4) in said first operating condition and to 
a second'potential (V3) in said second operating 
condition, said first potential (\/4) being able to lo- 
cate a locus of points of potential energy minimum 
at a first distance (Z1) from the first surface of the 
semiconductor layer, and said, second potential 
(V3) being able to locate said locus of points of po- 
tential energy minimum at a second distance (Z2) 
from said first surface which is greater than the first 
distance. 

4. The detection apparatus according to claim 3, char- 
acterized in that said electric potentials change in a 
generally linear fashion. 

5. The detection apparatus according to claim 4, char- 
acterized in that said first means includes a voltage 
divider. 

6. The detection apparatus according to claim 1 or 2, 
characterized in that said biasing means includes 
first biasing means for biasing said third doped re- 
gion to a constant potential in said two operating 
conditions, and second means (R, M1-M8) for bias- 
ing said second doped regions (S1-S7) to respec- 
tive electric potentials that in said second operating 
condition vary in a monotone fashion when moving 
away from said first doped region (AR) along said 
drift path, while in said first operating condition said 
electric potentials vary in a not monotone fashion 
when moving away from the first doped region 
along the drift path. 



7. The detection apparatus according to claim 6. char- 
acterized in that said electric potentials vary in a 
generally linear fashion in said second operating 
condition. 

5 

8. The detection apparatus according to claim 6, char- 
acterized in that in said first operating condition said 
second means (R. M1 -MB) of the biasing means are 
able to bias said second doped regions (SI -S7) to 

10 respective electric potentials corresponding to the 
electric potentials of the second operating condition 
with a superimposed harmonic modulation. 



9. The detection apparatus according to claim 8, char- 
75 acterized in that said harmonic modulation has a 

period corresponding to a predetermined number 
of said second doped regions (S1-S7). 

10. The detection apparatus according to claim 6, char- 
20 acterized in thai said second means of the biasing 

means includes a voltage divider (R) and switching 
means (Ml -MS) for selectively connecting each 
said second doped region to different nodes of said 
divider in said two operating conditions. 

25 

11 . The detection apparatus according to claim 9, char- 
acterized in that said second means of the biasing 
means includes a plurality of voltage dividers, each 
said second doped region being connected to a re- 

30 spective intermediate node of a respective divider 

12. Thedetection apparatusaccordingtoany oneof the 
preceding claims, characterized in that said drift 
path is rectilinear. 

35 

13. The detection apparatus according to any one of 
claims 1 to 11 , characterized in that said path is spi- 
ral-shaped. 

40 14. The detection apparatus according to claim 12, 
characterized in that there are provided a plurality 
of first doped regions (AN1 -AN4; AR) with thef first 
type of conductivity generally aligned to a first di- 
rection on said first surface of the semiconductor. 

45 to which a plurality of second doped regions (PI -Pn; 
SI -S7) with the second type of conductivity extend- 
ing to said first direction are associated. 

15. The detection apparatus according to claim 11, 
so characterized in that said semiconductor layer (1, 

2) is provided with doped regions (5) with the sec- 
ond type of conductivity which are buried under said 
second doped regions (PI -Pn; 81 -S7) so as to gen- 
erate potential energy barriers capable of confining 
55 the charge carriers to the direction which is perpen- 
dicular to the drift path. 

16. The detection apparatus according to claim 12. 
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characterized in tliat there are provided a first 
means for forming a drift channel (DC) extending 
along said drift path side by side to said plurality of 
second doped regions (50) in said semiconductor 
layer (1, 2) in both operating conditions, a second s 
means for forming a succession of potential energy 
barriers which are transversal to the drift path in said 
semiconductor layer (1, 2) in both operating condi- 
tions, a third means for forming a generally contin- 
uous potential energy barrier for said charge carri- io 
ers along said drift path between said plurality of 
second doped regions and said drift channel (DC) 
in said semiconductor layer in said first operating 
condition, said biasing means being able to remove 
said potential energy barrier in said second operat- is 
ing condition so as to cause the charge carriers to 
flow into said drift channel towards said at least one 
first doped region (52). 

17. The detection apparatus according to any one of the 20 
preceding claims, characterized in that said semi- 
conductor layer (1 , 2) includes a substrate (1) with 

a first resistivity and a layer (2) with a second resis- 
tivity which is lower than the first resistivity 

25 

18. A method to detect energy and point of incidence 
of an ionizing event by a semiconductor apparatus 
comprising a semiconductor layer (1 , 2) with a first 
type of conductivity, characterized in that there are 
provided a first step in which a plurality of tridimen- 30 
sional potential energy wells for charge carriers with 

the first type of conductivity is fomned in said semi- 
conductor layer at predetermined distances along 
a drift path from at least one collector electrode for 
said charge carriers so that the charge carriers gen- 35 
erated by an incident ionizing event are confined to 
said tridimensional potential energy wells generally 
corresponding to the points at which they were gen- 
erated by the incident ionizing event, and a second 
step in which said potential energy wells are re- 40 
moved so as to cause said charge carriers to drift 
towards said at least one collector electrode along 
said drift path, while keeping the charge carriers 
confined to the directions which are perpendicular 
to the drift path. 45 

19. The method according to claim 18, characterized in 
that said potential energy wells are removed in said 
second step by suppressing the potential energy 
barriers which confined the charge carriers to the so 
drift path in said first step. 

20. The method according to claim 1 8, characterized in 
that said potential energy wells are removed in said 
second step by suppressing the potential energy ss 
barriers which confined the charge carriers to direc- 
tions transversal to said drift path in said first step. 
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(54) Apparatus and method for detecting electromagnetic radiation or ionizing particles 



(57) An apparatus for detecting energy and point of 
incidence of an ionizing event connprising a semicon- 
ductor layer (1. 2) with a first type oi conductivity, in 
which at least one first doped region (AN1 -AN4; AR; 52) 
with the first type of conductivity and a corresponding 
plurality of second doped regions (P1-Pn; S1-S7; 50, 
50') with a second type of conductivity associated to said 
at least one first doped region are fornned on a first sur- 
face of said layer, said at least first doped region and 
said corresponding plurality of second doped regions 
defining a respective drift path for charge carriers with 
the first type of conductivity, and at least one third doped 
region (3) with the second type o1 conductivity is formed 
on a second surface of said layer, and means (6; R, 
M1-M8; 6') for biasing said second doped regions and 
said third doped region which is capable of reversely bi- 
asing the junctions between the second doped regions 
and the semiconductor layer and between the third 
doped region and the semiconductor layer so as to de- 



plete the semiconductor layer. Said biasing means is ca- 
pable of providing two different operating conditions of 
the detection apparatus, the first operating condition 
providing the formation of a plurality of potential energy 
wells for said charge carriers in the semiconductor layer 
(1 , 2) at predetermined distances along said drift path 
from said first doped region (AN1-AN4; AR; 52), said 
wells being able to confine all of the charge carriers gen- 
erated by an ionizing event essentially to the points of 
incidence of the ionizing event, the second operating 
condition providing the removal of said potential energy 
wells so as to cause the charge carriers to drift towards 
said at least one first doped region along said drift path 
and keeping the charge carriers confined to directions 
which are perpendicular to the drift path. The electric 
fields in the apparatus are different, although static in 
the two different operating conditions. 
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